Both sleep and suicide are important issues among adolescents. Despite the extensive literature explaining short sleep duration as an important suicide risk factor, most previous studies did not consider sleep quality.
INTRODUCTION
Sleep plays an important role in the brain's reparative and integrative processes. 1 In particular, adolescence is the time when circadian rhythm changes; it is also time for adolescents to easily suffer from lack of sleep because bedtimes become later but school time is fixed. Thus, there is a high risk for sleep problems. 2 Generally, a sleep duration of at least 8.5 hours per day is recommended for adolescents, 3 but in reality the sleep duration of many adolescents falls short of this. Actually, only 62% of the European adolescents and 15.5% 4 of the Korean adolescents slept for more than eight hours on weekdays, 5 indicating that short adolescent sleep duration is a serious concern in Korea. In fact, short sleep duration causes adverse consequences in individuals' physical and mental health. 3, 6, 7 Therefore, sufficient sleep duration is important to prevent social and public health problems. 8 In 2015, Korean adolescents (12-21 year old) accounted for 12.1% or 6 139 000 of the total population of 50 617 000. 9 According to the Organization for Economic Cooperation and Development (OECD), the suicide rate per 100 000 Koreans is 29.1, which is the highest among OECD countries. 10 Korea's suicide rate for 2013 was 1.3 per 100 000 individuals for ages 10-14, 7.9 for ages [15] [16] [17] [18] [19] , and 14.5 for ages 20-24, showing that suicide deaths increase as adolescence progresses. 11 Additionally, Korea's suicide rate is increasing among adults as well. Prevention education and intervention for adolescent suicide are urgent because youngsters in the suicide high-risk group are highly likely to proceed to the high-risk group even in adulthood. 12 Therefore, both suicide and short sleep duration are key health issues for Korean adolescents.
According to previous research, youth suicidal ideation is caused by multi-dimensional components such as psychological factors including depression, stress, and low self-esteem; 13, 14 family factors including family support; 15, 16 and external factors including school life, friends, relationships, etc. [15] [16] [17] Moreover, several studies have investigated the possible association between sleep and suicide. Short sleep duration has now been identified as a potential suicidality risk factor among adolescents. 1, 5, 18, 19 Despite the extensive literature exposing short sleep duration as an important suicide risk factor, most previous studies did not consider sleep quality. However, subjective sleep satisfaction should be also considered because individual sleep duration is relatively rather than absolutely determined. 20 Moreover, most sleep-related studies are limited by small sample sizes and do not represent the general population. 8 Therefore, this study identified the association between adolescents' sleep satisfaction and suicidal ideation as well as self-reported sleep duration using a nationally representative sample to ultimately prevent problems due to adolescents' short sleep duration and suicide. The specific purposes of this study are as follows: 1. To evaluate the differences in suicidal ideation by demographic characteristics of adolescents; 2. To examine the relationship of suicidal ideation with sleep satisfaction depending on the sleeping time of adolescents; and 3. To investigate the association between sleep duration, sleep satisfaction, and suicidal ideation of adolescents.
METHOD Study design and study sample
This cross-sectional study identified the association of sleep duration, sleep satisfaction, and suicidal ideation in Korean adolescents. We used the raw data of the tenth Korea Youth Risk Behavior Web-based Survey (KYRBWS-X) conducted by Korea's Center for Disease Control and Prevention (KCDC).
KYRBWS is an anonymous self-administered online survey targeting middle school freshmen to high school seniors to identify health behaviors of Korean adolescents. It was conducted using a complex sample design involving stratification, clustering, and multistage sampling methods. In order to minimize sampling errors in the population stratification stage, the researcher divided the population into 129 levels using the area group and schools (middle schools, academic high schools, and specialized professional high schools) as a stratification variable and then allocated the number of sample schools by applying the proportional allocation method to ensure that the sample composition ratio and the composition ratio of population by stratification variable is consistent. Finally, sampling was done by the stratification colony extraction method with school as the first extraction unit and class as the second extraction unit. 21 More details about sampling strategies and analysis guidelines for raw data are shown on the center's homepage (http://yhs.cdc.go.kr). 21 KYRBWS-X surveyed 74 167 individuals from 400 middle and 400 high schools; 72 060 people participated in the survey, showing a participation rate of 97.2%. 22 Of these, data from 13 212 adolescents were processed as missing because the measured values of the variables for age (aged 12 or younger or 19 or older), wake up time (before 4:00 a.m., after 9:00 a.m.), sleeping time (4:00 a.m. logical errors or outliers (see parenthetical ranges) and were thus excluded from study analysis. Therefore, the responses of 58 848 adolescents were analyzed in this study (figure 1).
Study variables

Sleep duration and sleep satisfaction
In this study, sleep duration was calculated by using the responses to "For the last seven days, what time do you usually go to bed and wake up on weekdays?" Sleep satisfaction used a five-point scale (1 point: not sufficient at all, 5 points: quite sufficient) to "For the last 7 days, do you think your sleep duration was enough to recover from fatigue?"
Suicidal ideation
In this study, we used responses to "For the last 12 months, have you ever seriously thought about suicide? (yes/no)" for suicidal ideation.
Demographic characteristics
In this study, the following demographic characteristics were used: age, gender, body mass index (BMI), school type (middle and high school), urban scale (big and medium sized cities and country areas), living with parents (both parents, only parent, and none), parents' educational backgrounds (below middle school, high school, above college and unknown), perceived economic status (very high, high, moderate, low, and very low), perceived school performance (very high, high, moderate, low, and very low), subjective health status (good, moderate, and poor), stress awareness (yes/no), depression awareness (yes/no), and experiences of lifetime drinking (yes/no), lifetime smoking (yes/no), lifetime drug use (yes/no), and lifetime sexual intercourse (yes/no).
Statistical analysis
Statistical analysis was performed using the SPSS Complex Sample, version 19.0 (SPSS Inc., Chicago, IL, USA) reflecting sampling weights and using nationally representative estimates according to KCDC guidelines. That is, all of the data were analyzed using a weighted value, stratification variable, and colony variable, which are complex sample design elements; of these, weighted value used a value presented by KCDC by using the extraction rate, response rate, and post correction rate (the sum of weighted values by grade, school, and gender in the area group is calculated to be equal to the national number of middle and high school students as of 2014).
Continuous variables (general participant characteristics) are presented as mean (SE) values, while categorical variables are presented as percentage (SE) values. The t-test and χ
2 tests were used to compare suicidal ideation by demographic characteristics. Logistic regression analyses were performed to determine associations between sleep duration, sleep satisfaction, and suicidal ideation. Odds ratios (ORs) and confidence intervals (CIs) were estimated after adjusting for BMI, gender, school type, living with parents, parents' educational backgrounds, perceived economic status, subjective health status, stress awareness, depression awareness, lifetime drinking experience, lifetime smoking experience, experience of sexual intercourse, and lifetime drug experience. A cut-off value of p < .05 was used to select the adjusted variables in table 1. A p-value of < .05 was considered statistically significant.
RESULTS
Differences in suicidal ideation according to adolescents' demographic characteristics are shown in table 1. The rate of suicidal ideation was statistically significantly higher with: lower BMI; short sleep duration; females; the participant did not live with both parents; low parents' educational backgrounds; lower perceived economic status; lower subjective health status; unsatisfactory sleep; perceived stress or depression; experience of lifetime drinking, smoking, or drug use experience; and experience with sexual intercourse. The relationship between actual participant sleep duration and perceived sleep satisfaction is shown in figure 2 . As sleep satisfaction improved, actual sleep duration also increased and there was a statistically significant difference. The associations between adolescents' sleep duration, sleep satisfaction, and suicidal ideation are shown in table 2. In univariate analysis, participant suicidal ideation was 1.35 times higher if sleeping for 5-6 hours and 2.12 times higher if sleeping for less than four hours than participants sleeping for more than nine hours. Sleep satisfaction was 1.58 times higher when moderate, 2.43 times higher when unsatisfied, and 4.44 times higher when very unsatisfied than when very satisfied. In multivariate analysis, participant suicidal ideation was 1.36 times higher if sleeping for less than four hours than participants sleeping for more than nine hours. Sleep satisfaction was 1.20 times higher when moderate, 1.38 times higher when unsatisfied, and 1.64 times higher when very unsatisfied than when very satisfied.
DISCUSSION AND CONCLUSION
As Korean adolescent suicide emerges as a major cause of juvenile deaths, social interest in its prevention is increasing.
Previous studies have also reported that being female, poor academic grades, low economic status, living with their parents, parents' poor educational background, subjective health status, drinking, smoking, stress, and depression affect suicidal ideation of adolescents; the results were similar to those of this study. 14, 15, [23] [24] [25] [26] It was also reported that drug experiences and sexual activity affect suicide attempts. 26 Therefore, active interest and measures are needed to prevent suicidal ideation in female adolescents with low academic grades or difficult socio-economic status. Preventive education and programs for health risk behaviors are also required to prevent suicide. In multivariate logistic analysis, participant suicidal ideation for those sleeping for less than four hours was 1.36 times higher than participants sleeping for more than nine hours even after correcting for suicidal ideation impact factors. This is similar to the results of several previous studies 1, 5, 18, 19, 28 completed across various cultural backgrounds that short sleep duration is a suicide impact factor. According to this study's results, the risk of suicidal ideation increased when sleep duration was less than four hours; previous studies 5 in Korea also reported that the suicidal ideation risk of adolescents sleeping for less than five hours is high. However, studies in the U.S.
2 found that the risk of suicidal ideation of adolescents sleeping for less than six hours was high. Particularly in Korean adolescents, the suicidal ideation risk increased statistically significantly in relatively shorter sleep durations compared to American 2 or European adolescents. 4 We propose the need for a cross-cultural study to determine if this result is a racial difference or related to the social environment. In the results of this study, suicidal ideation was 1.20 times higher when sleep satisfaction was moderate, 1.38 times higher when unsatisfied, and 1.64 times higher when very unsatisfied than when very satisfied. This is similar to the results of previous research 23 showing lower suicidal ideation when sleep satisfaction is moderate or high and that insufficient sleep is related to suicidal ideation. 1, 29 Given that adolescents' lack of sleep increases the occurrence of emotional instability, depression, stress, etc., 30, 31 increased risk of suicide due to short sleep duration or unsatisfactory sleep may be a natural result. On the other hand, negative thoughts such as stress, depression, or anxiety make sleep difficult and also cause disruption in sleep duration. [32] [33] [34] However, what is interesting in this study is that the suicidal ideation risk also increases when sleep satisfaction perceived by adolescents is moderate even after adjusting for suicidal ideation impact factors. This suggests clearly and strongly how important it is to achieve a satisfying sleep as well as to extend sleep duration in order to prevent adolescents' suicidal ideation. Sleep disturbances may damage individuals' emotional regulation, impulse control, and problem solving ability, which in turn increases the risk of adolescent suicidality. [35] [36] [37] [38] The relationship between actual sleep duration reported by adolescents and perceived sleep satisfaction was assessed. Higher satisfaction in adolescents' sleep increased actual sleep duration and this showed a statistically significant difference. Recommended sleep duration for adoles- cents is 8.5 hours per day. 3 According to the results of this study, adolescents perceived that a sleep duration of about seven hours was indicated a satisfactory sleep. When considering this from a comprehensive perspective, it is necessary not only to improve sleep quality, but also to extend sleep duration in order to prevent adolescent suicide. Additionally, the underlying neurobiological factors can partially explain the relationship between sleep and suicide. That is, serotonergic neurotransmission was found to play a significant role in both sleeping and suicide. 39, 40 In reality, if it is difficult to extend sleep duration due to school, a plan to increase subjective sleep satisfaction by improving sleep quality is required. This study is significant in having identified the association between sleep satisfaction and suicidal ideation as well as sleep duration of adolescents. It also targeted a large and representative sample and corrected for all variables known to affect suicidal ideation.
Despite these strengths, the limitations of this study are as follows. This study considered only weekday sleep duration and did not include weekend sleep duration. Therefore, we suggest a study considering sleep duration of both weekdays and weekends. We also suggest the need for a further longitudinal study because this study is a cross-sectional study and cannot explain any causal relationship between sleep duration, sleep satisfaction, and suicidal ideation. Therefore, the time or quality of sleep may be degraded due to suicidal ideation. Finally, this study analyzed only the associations between sleep duration, sleep satisfaction, and suicidal ideation. Therefore, it is suggested that largescale research considering additional factors involved in adolescent suicidal ideation is needed.
This study showed that suicidal ideation risk is high when sleep duration is less than four hours and sleep satisfaction is less than moderate. Therefore, lack of sleep in addition to rapid physical changes and mental confusion are likely to increase suicidal ideation risk. This may lead to suicide attempts and suicides. In order to break this vicious cycle, teachers and parents need to instruct adolescents to sleep for more than five hours a day or improve subjective sleep satisfaction by improving sleep quality.
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